INTRODUCTION
ACCORDING TO WILLIAMS ( 1962) ,2 the mealybug, Spilococcus cactearum McKenzie, was first collected at Laindon, Essex, England, in 1928.The first specimens recorded from the United States were taken at Los Angeles in 1941 (MeKenzie, 1960) . It is considered to be one of the most dangerous pests to or-HISTORICAL REVIEW Cactus insects became a major subject of interest to entomologists early in the twentieth century, when several species of prickly pear (Opuntia) invaded thousands of acres in Australia. Wilson (1960) stated that 150 to 160 species of insects feeding on cactus were discovered during the period from 1920 to 1939. Of this number, 48 species were introduced into Australia in attempts to control these cacti on about 60 million infested acres. Most of the coccids found on cacti during this period were species of Dactylopius, and records of other genera were comparatively few. Hunter, Pratt, and Mitchell (1912) 
TAXONOMY
Spilococcus cactearum, first described by McKenzie (1960) , is a member of the family Pseudoeoccidae, superfamily Coccoidea, order Homoptera. According to Williams (1962) , it has often been misidentified as Coccus or Pseudococcus mamillariae (Bouche). The genus Spilococcus was erected by Ferris (1950) . Recent keys to North American species of the genus can be found in McKenzie (1962) and 'Villiams (1962) .
MATERIALS AND METHODS
The laboratory stock culture used in this study was collected in August, 1961 , from the glasshouse of the Botanical Garden, University of California, Berkeley. The experimental host plants were grown in clay pots in the glasshouse of the University insectary.
For microscopic study, Canada balsam or Hoyer's solution was used as the mounting medium. Hoyer's solution was preferable for nonpermanent study slides because the insects could be mounted more quickly. Placing the slide on a hot plate for 1 or 2 minutes was sufficient to clear the specimen for study.
More permanent mounts of males and females, using Canada balsam, were prepared as follows: (1) specimens killed in 95 per cent alcohol; (2) bodies of females carefully punctured with fine insect pins (males were too small to be punctured), and both sexes left in a 10 per cent KOH solution at room temperature for 24-48 hours; (3) heated to 60°C. for 10-25 minutes in KOH; (4) stained in an aqueous solution of basic fuchsin for 2-4 hours (females) or for 12-24 hours (males); (5) destained in dilute acetic acid; (6) transferred to 70 and then to 95 per cent alcohol, 30 minutes in each; (7) transferred to xylol for about 10 minutes; (8) transferred to clove oil for clearing for 1 hour or longer; and (9) mounted on slides in xylol-balsam.
The temperature control cabinets used in the life history studies consisted of six 7-c.f. refrigerators, each provided with six 15-w. fluorescent lights. 'fhe temperature within the cabinets was thermostatically controlled, and air was circulated by a small fan. The stock cultures of mealybugs used in these trials were reared on Opuntia microdasys (Lehm.) Pfeiff.
Certain studies were made in the open insectary glasshouse, where both temperature and humidity fluctuated. A hygro-thermograph was used to monitor these factors. Daily temperatures varied between 21 and 29°C., occasionally reaching 32°. Relative humidities during the day were about 50 per cent, but were somewhat greater during the night.
DESCRIPTION OF LIFE STAGES
The sexes are indistinguishable by external morphology in the first 2 instars. Following these, the female has an additional nymphal instar preceding the adult stage. The male, however, goes into a prepupal a.nd then a pupal stage before final metamorphosis as a winged adult.
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Key to the Nondifferentiated and Female Instars (1) Antennae with 6 segments (first or second instal') (2) Antennae with 7 or 8 segments (3) (2) Tibiae shorter than tarsi; body about 2.5 times as long as antennae (figs.
1-3) First instal' Tibiae approximately equal to tarsi; body about 4 times as long as antennae (figs. 4-6) Second instar (3) Antennae with 7 segments; tibiae longer than tarsi (figs 7-9) Third-instal' female Antennae with 8 segments; tibiae longer than tarsi (figs. 10-12) Adult female
Eggs. Eggs vary between 321 and 350 p. in length and 175 and 182~in width. They are cylindrical in shape, with rounded ends, and are sparsely covered with fine, white, waxy threads. Freshly laid eggs are bright yellow, but as incubation advances, the color turns slightly darker. During the period before hatching, the eyes of the enclosed embryo appear distinctly as minute, reddish-brown spots.
The eggs are laid in an ovisac secreted by ducts and pores at the caudal end of the female's body. From ] 9 to 176 eggs are laid in each ovisac, with an average of 124.
First nymphal instar, sex not determined (figs. 1-3) . Body (on slide) 420-433 }.t long, 185-196 }.t wide; oblong and flat. The newly hatched insect is translucent yellowish brown, Density of color is somewhat lighter in the anterior and posterior portions than in the middle portion of body. Legs are pale, translucent yellow. As the stage advances, the body becomes covered with a white, waxy exudate. Dorsally, eerarii appear to be fairly well developed, with 17 pairs present, 7 pairs of which are normally present on the abdomen. Cerarian spines or setae are small and slender. Anal lobe cerarius with 2 slender setae. Dorsal body setae are small and few in number. Six to 8 oral tubular rim ducts are present in a straight 'row on each abdominal segment except the last. Trilocular pores absent or rarely present.
Ventrally, oral tubular rim ducts are the same size as those on dorsum. N01'-mally, 1 is found on each abdominal segment and several on the head and thoracic regions. Ventral body setae are small and few in number, with very small, short, blunt-tipped setae distributed over the venter. Trilocular and multilocular pores are absent or rarely present. Circulus indistinct. Antennae with 6 segments, 169-176 p. in length, more or less reaching the base of the mesothoracic legs. Labium and legs relatively big and stout compared with body. Tibiae are shorter than the respective tarsi. Average lengths of tibiae and tarsi of front legs (10 specimens), 42 and 48 }.t, respectively.
Second nymphal instar, sex not determined (figs. 4-6) . Body (on slide) 928-93!J p. long, 453-466 p. wide: body outline oval. The living specimen is translucent gray or brown, covered with a white, waxy exudate. Antennae and legs are pale, translucent yellow; the eyes are dark brown, Dorsally, there appear to be 17 pairs of cerarii, 7 pairs of which are normally on the abdomen. Cerarian spines slender, situated farther apart on head and thoracic regions. Dorsal body setae small, slender, distributed over entire dorsum. Six to 8 oral tubular rim ducts are arranged in a nearly straight row on each abdominal segment, but fewer on each segment of head and thoracic regions. Trilocular pores absent or rarely present.
Ventrally, the oral tubular rim ducts 
Adult male
Until recent years, the taxonomic study of male Pseudococcidae has been neglected, most attention having been given to the female. This has been mainly because of the difficulty in obtaining male specimens (Giliomee, 1961) . It ","as also thought that the male had little significant taxonomic value at the specific level (Ferris, 1957) . Recently, Beardsley (1960) , in his study of 30 species of the Hawaiian Pseudococcidae, indicated that some of the taxonomic characteristics of male mealybugs may be as important at the specific level as those of females. Giliomee (1961) also established, with complete descriptions, the taxonomically significant characteristics of 3 species of male Pseudococcus. Recent reviews of the literature on male coccids may be found in Beardsley (1960) and Giliomee (1961) .
General appearance (figs. 16-23).
The adult male is a minute fragile insect, with a pair of white, delicate, membranous wings, The halteres are small, with a hooked seta apically. The tip of the abdomen on each side bears a pair of long, white, waxy anal filaments from the glandular plate. The body is dark brown or black, with the excep- of spiracles of equal size ventrally on meso-and metathoracic segments. Prothorax largely unsclerotized. Mesothorax well developed, strongly selerotized, and strongly humped anteriorly. Postnotum distinct, separated from scutellum by a large, membranous area. A pair of conspicuous postnotal apophyse.s extend ventrally inward from lateral margin of postnotum. Mesosternum well developed, with internally conspicuous furca. Metathorax externally represented by 2 small suspensorial sclerites, each connected by a sclerotized band to base of halteres.
Wings (fig. 19 ). Membranous, oblong, 930-970 ft long, 430-445 ft wide; both surfaces covered with microtrichia about 4 or 5 ft long; alar lobe well developed; radius and media veins dis-
ion of the mesothorax, antennae, and legs, which are translucent pale brown. The simple eyes are reddish brown, dark brown, or black. The following observations were based upon 10 males reared from cacti furnished by the Botanical Garden, University of California, Berkeley.
Body. 19 ) is located on the dorsal surface along the radius just above the basal end of the media. A row of 4 slender setae, each about 22 ft long, is located on the leading edge of the radius vein near its base. Legs (figs. 18, 20) . Well developed, elongated, and slender. Front leg shortest, hind leg longest. Coxa is broadly conical, with a basal and apical ridge and well-developed articulating processes. Trochanter subtriangular, anterior and posterior faces each bearing 5 circular sensillae. Femur long, slender, but shorter than corresponding tibia, hind femur about 180 p. in length. Tarsus composed of 2 segments, the basal segment minute. The distal tarsal segment bears a pair of subequal, apically knobbed setae, about as long as the claw ( fig. 20) . Claw well developed, slightly curved, sharply pointed, about 27 ft long, with a pair of slender, short, setiferous ungual digitules.
Abdomen ( fig. 18 ). Membranous except for the sclerotized apical penis sheath and a small, median, sclerotized patch dorsally and a pair ventrally on segment VIII. Penis sheath (figs. 22, 23) about 100 ft long; a pair of welldeveloped median lobes, the posterior portion evenly tapered to a rounded apex; about 10 ft wide at a distance of 9 JL before the apex.
Dermal structures (figs. 16, 17 
HOST PLANT STUDIES
According to Hamlin (1932) and species in 6 different families on which Wilson (1960) tearum was tested on many species of cacti, a few succulents, melon seedlings, sugar beets, and potato tubers. It failed to develop colonies on plants other than Cactaceae and succulents. The potato, Solanum tuberosum L., which is known to be a very good host for a number of coccids, proved inadequate for S. cactearum.
Five ovisacs (about 500 eggs) of the mealybug were placed on potato tubers kept in pint jars covered with linen cloth. Concurrently, 2 other species, Planococcus citri (Risso) and Pseudococcus fragilis Brain, were also tested by the same method. It was found that the cactus mealybug developed very slowly, with only 9 immature males and 7 immature females resulting. It took the newly hatched nymphs approximately 50 days to develop to the second instar.
As expected, the 2 other species developed well, and formed large colonies on potato.
The accompanying list shows 111 species of cacti and succulents which are suitable host plants for the cactus mealybug; 7 of these records are from McKenzie (1960) , and the rest are from our study in the insectary glasshouse, the glasshouse of the University's Botanical Garden, and at local commercial nurseries. Eight plant & R., a soft-skinned and spineless cactus, under presumably favorable conditions the mealybug tends to aggregate i~colonies on the ventral side of the stem of the young plant. In Hamatocactus setispinus (Eng.) Br. & R., a hard-skinned species with large spines, colonies are formed mostly around the growing parts of the plant or on new shoots. In Opuntia microdasys (Lehm.) Pfeiff., which has small, densely spaced spines with tiny setae on the surface, thev are never found in groups, but are' commonly scattered allover the surface of the plant. In certain species of succulents, such as Aeoniurn haworthii W. & B., which has true leaves and stems, the mealybugs are mostly found on the stems, leaves, and bases of the leaves, As to the infestation on shaded and unshaded areas of the same kind of plant, no apparent preference has been noted.
Effects of host plants upon the cactus mealybug
Normally, the shape and general appearance of the mealybug are not i~ fluenced by the host plant. Experimental results showed that egg production varied on different hosts. It was also observed that almost every species of susceptible cactus, during its propagation period when it had no roots, produced smaller-sized mealybugs than did a rooted plant of the same species.
Size. Sixty eggs of the cactus mealybug were placed on each of 2 species of young plants, 1 succulent and 1 cactus allowed to hatch, and grown to maturity. Fully mature females with initial dvisacs were then measured. Results from each of 8 specimens showed that the average lengths of the insects reared on Sedum confusum Hemsl. and Maihuenia poeppigii (Otto ) Weber were about 1.86 and 2.59 mm., respectively (table 3) .
Egg production. Based on counts of eggs and empty egg shells in ovisacs, it was shown that the average numbers of eggs from groups of 5 cactus mealybugs reared on the same t\VO hosts were 55.6 and 127.8, respectively (table 4).
Reactions of host plants to infestation
As a result of mealybug infestation, 3 distinct types of plant response were The third type of response occurred in every heavily infested plant, and to a degree which depended on the plant species. For example, Opuntia microdasys (Lehm.) Pfeiff., which in severe infestations never showed any initial sign of injury, gradually turned from yellowish green to yellow, then completely stopped growing, began to dry from the top, and soon died. No studies were made on the etiology of these effects.
LIFE HISTORY STUDIES Development at constant temperatures
Experiments to determine the incubation period of eggs under constant temperatures were conducted at 16, 20, 25, 28, 30, and 35°C ., respectively. Newly laid eggs were put into small vials, which were in turn placed in the cabinets. At 16, 20, 25, and 2'8°C., all eggs hatched. At 30°C., most of the eggs hatched, but a few of them did not. At 35°C., very few hatched, and those which did had difficulty in breaking off from the egg chorion and usually died in 1 or 2 hours. The period of inCrawlers remaining on host
• Temperatures were kept constant during each 3·day period. Thirty crawlers were used at each temperature. Firs,t nymphal instar of nondifferentiated male and female. Hatching occurs by rupturing the anterior end of the egg chorion. After freeing itself, the newly hatched nymph or crawler is comparatively inactive, remaining in the ovisac for a period of 1 to 5 days. The white, waxy covering of the body gradually increases for approximately 24 hours after hatching.
After leaving the ovisac, the crawlers move around, searching for a feeding place. This is the most active stage. When on a suitable host, they start feeding after 1 to 6 hours. The average duration of the instar was 13.1 days in this experiment.
Second nymphal instar of nondifferentiated female. At this stage, the nymphs tend to be sedentary in habit, with only occasional movements, but will move quite rapidly for a short distance if disturbed. The average duration of this instar was also 13.1 days.
Third nymphal instar female. At this stage, the insects tend to be. relatively inactive. They move only when there is a marked change in the physical environment or when they start to molt. The average duration was 11.1 days.
Development and habits under glasshouse conditions
Five newly hatched crawlers were put on each of 10 Opuntia microdasys (Lehm.) Pfeiff. After the first molt, only 1 insect was retained on each plant and the rest were discarded. Daily examination of the nymphs was made to ascertain the time of molting HILGARDIA • Vol. 37, No. 17 • January, 1967 cubation varied inversely with the temperature. Incubation data and percentage of crawlers left after 24 hours are given in table 5. An experiment in the settling of crawlers was conducted at 20, 25, 28, 30 , and 35°C. Thirty newly hatched mealybugs from the stock culture were placed on Sedum confusum Hemsl, in each cabinet. The mealybugs present were counted 3 days later. Results showed that different temperatures influenced the settling of crawlers. The number remaining was found to be highest at 20°, with none at 35°C. (table 6 ).
An experiment to determine the development time of both females and males from egg to adult was conducted at 20, 25, 28, 30, and 35°C. Five potted Opuntia microdasys (Lehm.) Pfeiff. were put in each cabinet, and 10 newly hatched mealybugs were placed on each plant and examined twice daily. Results are tabulated in tables 7 and 8.
It was impossible to rear newly hatched crawlers to adulthood at 30 and 35°C., but both older nymphs and adults from the stock culture could live for a number of days if placed on plants and held at these temperatures.
Development was most rapid between 25 and 28°C., with the optimum falling somewhere between these two temperatures. Colonies were established at 20 and 25°C., but not at 28°C
. or above. Although they could become adults at 28°C., they did not establish colonies at this temperature. 
Adult female. Adults are relatively
sedentary, but will move from time to time in search of a new place to feed or to form ovisacs, Several females with ovisacs were found about 3 feet away from the host plants. Most females that moved from the host normally formed ovisacs on soil surface debris or in the soil near the crown or roots of host plants. In a presumably favorable environment, females typically aggregate to form a colony and to construct closely knitted ovisacs. They form a cottony mass in which 10 to 20 females can be found.
Females will mate at any time after becoming mature. Normally, the inseminated female starts to form an ovisac 2 to 4 days after mating, and completes it 1 to 2 days before laying the first egg. The average preoviposition time is slightly over 25 days. The oviposition period varied from 14 to 18 days in the glasshouse. The average number of eggs laid per day per female is shown in figure 24 . The incubation period varied from 10 to 16 days, with an average of 12.2 days.
The female dies soon after egg-laying terminates. The empty body of the dead female then rises to a vertical position, and is anchored by the mouth bristles to the plant. The average life of a mated adult female was 43 days. Unmated females live much longer than mated ones, but do not lay eggs or form ovisaes. The average total life of 8 unmated females was 137.9 days.
Second nymphal instar male. The newly formed second nymphal instar male is similar to the second nymphal instar of the female, but becomes distinguishable near the end of this stage when the males begin constructing their cocoons of fine, white, waxy threads. Here the males remain quiescent. The exuviae are pushed to the end of the cocoon after each subsequent molt. The average duration of this instar was 12.4 days.
Prepupa male. At this stage, the insect is quiescent within the cocoon. If removed, however, it can move and will reform a new cocoon, but a prepupa so treated never becomes an adult. The average duration of the prepupal stage was 4.4 days.
Pupa.
Here, again, the pupa is quiescent within the cocoon, but can also move if disturbed. If the cocoon is removed, the pupa can still become an adult. The average duration of this stage was 6.3 days.
Adult male. The adult male normally remains in the cocoon for 2 to 7 days before emergence. The newly emerged males are quite sedentary, seldom flying about. 'I'he average total life span after molting from the pupal stage was 7.9 days.
The place of cocoon formation varied, some being found on the spines of cacti; in the female colony; in the soil surface debris or within the soil; on the bottoms of clay pots where the host plants were grown; and sometimes as much as 3 or 4 feet away from the host plant.
The cactus mealybug appears to de- (table 9) . Under these conditions, females averaged 37.3 days from hatching to adult, while males averaged 36.2 days. The cactus mealybug produces honeydew in very small amounts, mostly during the period of its rapid growth. This honeydew does not appear to cause injury to the plant. In relatively large colonies of these mealybugs, 5 to 12 drops of honeydew were found on the spines or on the surface of the cactus near the colony. This exudate was not attractive to ants, but on several occasions psocids were found, presumably utilizing the honeydew.
Development out of doors
While Spilococcus cactearum is quite common in glasshouses in the San Francisco Bay area, it is not normally found out of doors. Several experiments during the fall, "Tinter, and spring demonstrated that outdoor survival of a colony would be unlikely in this area.
At Berkeley, well-developed colonies of S. caciearum reared in the glasshouse on Opuntia microdasys (Lehm.) Pfeiff. and Echinocereus ehrenbergii (Pfeiff.) Rumpl. were placed outdoors on 3 occasions, September 9, September 27, and October 4, 1961. All continued to develop until the middle of October, after which time the number of mealybugs gradually declined through the rest of October. No eggs were found by the end of October. In November, all adult females disappeared and only 11 in the early instars were left. Males were not seen. Three plants out of 6 died during this time. During the winter months, the remaining 11 immature mealybugs continued to develop and would move when disturbed. In March, there was but 1 mature female remaining, at which time she was mated with a male from the glasshouse, produced 655 one ovisac with 19 eggs, and died in May.
Eggs placed outdoors in mid-February on Opuntia began to hatch about 75 days later, in May. From 60 of these hatched eggs, only 4 females matured in July, and again no males were found.
During this same period, thriving colonies in all stages of development could be found in a nearby glasshouse.
CHROMOSOME STUDIES
Except for the genus Puto, all species of mealybugs in the Pseudococeidae (including Spilococcus cactearum) which have been studied have the lecanoid chromosome system. This chromosome system, first discovered by Schrader (1921) in the mealybug Pseudococcus nipae (Mask.), is characterized by one haploid set of chromosomes becoming heterochromatic and excluded from the genetic continuum at spermatogenesis in the male, but otherwise the chromosomes of the two sexes are not distinguishable.
The method employed in the study of chromosomes follows, briefly. Gravid females (2 to 4 days after mating) were stained and squashed in acetocarmine following fixation in BradleyCarnoy (4 parts by volume of chloroform, 3 of absolute alcohol, 1 of glacial acetic) (Bradley, 1948) , with a very small amount of a saturated solution of ferric acetate in propionic acid added as mordant.
Spilococcus cactearum has 20 chromosomes in diploid (figs. 25-27) and 10 in haploid ( fig. 31 ). As has been described by many investigators, e.g. Hughes-Schrader (1948) , polyploid cells also will be found to occur in this species ( fig. 33 ) .
REPRODUCTION AND SEX RATIO Reproduction
It appears that sexual reproduction is the normal method in those mealybugs where males are present. This was first shown by Schrader (1923) and later by Sutherland (1932) , both working on the citrus mealybug, Planococcus (=Pseudococcus) ciiri (Risso). I to (1938) also showed this to be the situation with the pineapple mealybug, Pseudococcus brevipes (Cockerell). Uichanco and Villanueva (1932) , when studying the pink mealybug of sugar cane, Trionymus sacchari (Cockerell), stated that both sexual and asexual reproduction occur in that species.
The present study has shown conclusively that fertilization is necessary for reproduction in the cactus mealybug, and that parthenogenesis does not occur. The experimental procedure follows, briefly. (1) Each individual insect was reared in isolation after emergence from the egg in the stock colonies.
(2) Mated and unmated females were fixed in Bradley-Carnoy's fixative, and later 5 unmated females aged 75-90 days were dissected, with only a few eggs being found. There were no sperm bundles. Upon dissecting 5 mated females initiating ovisac formation, numerous sperm bundles were present in the spermatheca and oviduct of every female. Spermatozoa were also found. Eight unmated adult females remained alive for 97-165 days, but none of them laid eggs. 
Sex ratio
The sex ratio of the total progeny may vary widely among females, influenced in part by maternal age at the time of mating and by environmental conditions. James (1937 James ( , 1938 studied the effects of environmental influences on the sex ratio in Planococcus (=Pseu-dococcus) citri (Risso); while NelsonRees (1960) , in a more recent paper on the same species, studied the effect of maternal age upon the sex ratio of progeny.
The procedure used in the study of the sex ratio of the cactus mealybug follows. Eggs were collected on the fourth and sometimes up to the seventh 657 day after ovipositioIt-These were stained with aceto-carmine following fixation in the Bradley-Carnoy fixative, and a few drops of ferric acetate in propionic acid were added (Brown and Nelson-Rees, 1961) . Male and female embryos were counted by dissection. From the total of 1,242 embryos from females reared on many species of cacti and succulents in the glasshouse in November, 1961, 665 were females and 577 were males. The sex ratio was close to 1: 1. It is to be noted, however, that normally in nature there seems to be great variation in the ratio of the males and females from brood to brood.
MATING BEHAVIOR
Mating is rarely seen in nature, but can easily be observed in the laboratory. Males 2 to 4 days old were isolated in small vials for 1 to 3 days. They were then put into similar vials containing females of different ages. As a rule, these active males were anxious to mate. Mating took place immediately whenever an adult female was found. It was noted that only adult females mated. Males seemed to have poor recognition of the location of the female genitalia. Many of the attempts at copulation seemed to be on a trialand-error basis, with the male trying to insert the copulatory stylets into other parts of the female's body, as, for example, the head and thoracic regions. In many cases, the antennae of females moved, but older females tended to remain motionless during the mating period.
When mating occurs, the male lies on the female in such a way that the anterior part of his body is placed upon the posterior part of the female's abdomen, which is grasped firmly by his legs. The female raises her abdomen, bending it forward to bring her genitalia closer to the male copulatory stylets. During copulation, the male remains motionless, while the female may walk around or remain motionless. In some cases, especially in younger females, a peristalsis-like movement occurs in the abdomen. The duration of copulation from 10 observed matings varied from 3 to 15 minutes, with an average of 8.2 minutes. Double and even triple coitus, as described by Nelson-Rees (1959) in Planococcus citri (Risso) , also occurred with confined Spilococcus cactearum. As a rule, when 2 or more males were put into the mating vial with an excess number of females, 2 or sometimes 3 males competed to mate with 1 female. The mating capacity of males was 2 to 6 times for the 8 males observed, with an average of 4 times over a 6-hour period. One female could be mated several times under these conditions. James (1937) reported males of Planococcus citri (Risso) mating an average of 9.1 times, with a maximum of 23 times by a single male.
